formance relative to the zero-DC grating case. Also, as predicted qualitatively above, there is an optimum value for the offset (nt,z = -0.6 for the studied system), resulting from the balance between the effects of the sidelobe suppression, delay slope impact on the GVD and filter bandwidth.
SALEMINK, H.W.M., BONA, G.L., KRISTENSEN, M., and JACKEL, H.: 'Large UV-induced negative index changes in germanium-free nitrogen-doped planar SiO, waveguides', Electron. Lett., 1998 LiNbO, pumped by a Nd:YAG laser [4] , based on stimulated polariton scattering. Recently we successfully generated tunable coherent terahertz waves from 1 to 3THz in LiNbO, by TPO using an Si prism coupler [5] . TPO has the advantage of generating tunable terahertz waves pumped by only one laser with a fixed wavelength, although it has a threshold energy > 10mJ. By contrast, DFG has no threshold, and can be made to have a wider tunability than TPO by selecting the DFG crystal and input wavelengths. The light sources for DFG must have slightly different wavelengths, with a separation of @-lOnm, corresponding to the terahertz frequency. We employed a KTiOP04 (KTP) OPO with a type-I1 phase-matching scheme pumped by 0 . 5 3 2~ as a dual-wavelength light source in the 1.06-1 . 0 7 p range. In this KTP-OPO, we can easily obtain wavelength separation of 0-l0nm by angle-tuning the KTP crystal, since the signal and idler wavelengths cross at the degenerated point.
The nonlinear crystal for DFG is required to possess a large nonlinear effect and a low absorption loss at the two input optical frequencies as well as at the generated terahertz frequency. The organic crystal 4-N,N-dimethyla1nino-4'-N'-methyl-stilbazolium tosylate (DAST) [6] is an attractive material for efficient electrooptic and nonlinear-optic applications. Pan et al. [7] reported its electro-optic, nonlinear properties and other related parameters such as refractive indices and dielectric constants. A DAST crystal has a large nonlinear coefficient, dI1 = 290pmN, which is ten times larger than that of the inorganic LiNb03 crystal. A DAST crystal also has a low dielectric constant compared to inorganic materials such as LiNb0, and LiTaO,, which is advantageous for phase-matching optical waves and terahertz waves.
We have successlully grown DAST crystals as large as 15 x 15 x 2mm3, using a slow temperature lowering method [8] . With these crystals, we have demonstrated the electro-optic detection of a freely propagating 60GHz millimetre wave 191, auld we recently succeeded in DFG of 1.4THz, using an electrically tuned dualwavelength Ti:AI2O1 laser [lo] .
In this Letter, we report terahertz-wave generation in a DAST crystal by mixing a dual-wavelength KTP-OPO. Continuously tunable terahertz-wave generation in the 0.2-1 STHz range is demonstrated with KTP-OPO near 1 . 0 6 4~ pumped by 0 . 5 3 2~. Introduction: A coherent terahertz wave can be generated in nonlinear optic crystals by difference frequency generation (DFG) and parametric interaction. DFG of terahertz waves (far infrared) has been reported by mixing two CO2 lasers using GaAs [l] , and two dye lasers using ZnTe [2] and LiNbO, [3] . Terahertz waves have also been generated by terahertz parametric oscillation (TPO) in Experiment: For efficient DFG, it is important to know the phasematching properties of DAST. The coherence length L, for DFG is obtained by 1
where hl and are the input wavelengths, & is the DFG wavelength, and nl, n2, n3 are the refractive indices at each wavelength. The refractive indices nl, n2 of DAST in the optical region were calculated using the Sellmeier equation [7] . Polarisation is oriented along the a-axis using the largest nonlinear-optic coefficient d, In the terahertz frequency range, the dielectric property can be measured by terahertz time-domain spectroscopy with a femtosecond laser. The refractive index n3 in the range 0.34.8THz was reported as 2.4-2.6 in [11, 121. In this Letter, the refractive index n3 in the terahertz-wave region was assumed to be constant at n3 = 2.45. Fig. 1 shows the coherence length L, as a function of the input wavelength A,, calculated using the above equations. It shows that collinear phase-matching can be achieved with input wavelengths centred at I. 15pn in order to generate 0.3-1 THz frequencies. For example, O.5THz (A3 = 6OOpi) can be generated with input wavelengths of 1.150pm (1,) and 1.152pn &). Fig. 1 also shows that the coherence length for the 0.5-1 THz generation range was l m m in the 1.02-1.50p wavelength range. Therefore, dualwavelength KTP-OPO centred at 1.064pn can be useful for DFG in a 1 nun long DAST crystal. The pump source for the OPO was a 0 . 5 3 2~1 Q-switched Nd:YAG/SHG laser, with a pulse duration of 8ns and 20Hz repetition rate. The OPO cavity was lOOinni long, and consisted of a 1 5 1 m long KTP and two highly reflective flat mirrors with 98% input and 82% output. The threshold energy of the KTP-OPO was 3mJ, and an output energy of 0.5mJ was obtained with a pump energy of 7mJ. The output power and the spectral bandwidth (O.28nm) did not change throughout the tuning range of I$ = 23.5-25.5" (AX = 0-8nm). The DFG experiment was carried out with a 1 mm thick DAST crystal, as shown in Fig. 2 . The terahertz wave generated was collimated by a white polyethylene lens and detected using an Si bolometer (4.2K). The maximum DFG output was obtained when the polarisation of the incident optical waves was parallel to the aaxis of the DAST crystal. The polarisation of the generated terahertz wave, measured by rolating the wire-grid polariser, was parallel to the a-axis of the DAST crystal.
A continuously tunable terahertz wave was successfully generated in the 0.2-1.5THz range, and the maximum output was obtained at 0.6THz, as shown in Fig. 4 . The peak output power of the terahertz wave was -0.18mW, where the peak input power was -60kW. The decrease in the generated terahertz wave above I THz is due to the strong absorption in DAST. The bandwidth of the terahertz wave obtained was estimated to be -100GHz, corresponding to an optical spectral bandwidth of 0.28nm. To generate a narrow terahertz wave, the optical spectral bandwidth of the KTO-OPO must be narrowed by inserting a grating element in the cavity.
DAST is an effective material for the generation of sub-terahertz waves < 1THz. Higher power terahertz waves can be generated using a DAST crystal that is more than 5mm thick and by focusing the input beam. To realise this, we are currently optimising the temperature control to improve the crystal growth process and obtain high-quality crystals. To generate frequencies > 1 THz, low-loss crystals in the terahertz-wave region, such as ZnTe, GaP or GaAs, are useful for DFG interaction, although their nonlinear coefficients are lower than that of DAST. The KTP-OPO presented here is also useful for DFG with GaP and GaAs crystals.
Conclusions:
We have investigated terahertz-wave generation using DFG with a DAST crystal. Continuously tunable terahertz-wave generation was demonstrated by using a dual wavelength KTP-OPO with a type-I1 phase-matching scheme. The frequency of the terahertz wave was tuned in the 0.2-1.5THz range by varying the KTP crystal angle in the OPO cavity. Maximum DFG power was obtained at 0.6THz. The dual-wavelength KTP-OPO presented here is a suitable light source for generating a widely tunable terahertz wave.
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network analyser
Introduction: Synthetic aperture radar (SAR) interferometry is a well-known technique for airborne or spaceborne topographic mapping [l, 21. The technique is based on the phase comparison of a pair of complex and coherent radar images of the same scene taken from two different viewing points.
In this Letter, we propose a ground-based interferometric SAR system as a portable geotechnical instrument for rapid remote topographic mapping. The synthetic aperture is realised by moving an antenna along a ground-based horizontal rail. Unlike conventional geotechnical instruments, the proposed radar system is able to remotely map inaccessible grounds. Ilex radar image at contributions, tak-
where Cis a calibration factor, nf is the kequency number,J; is the ith frequency, c is the speed of light, R,,,, is the vector distance between point n and the kth position on the rail, and to is the delay introduced by the instrumentation. In a monostatic radar arrangement, to is approximately the antenna coupling delay, therefore it is estimated directly from measured data by performing the inverse Fourier transform of a frequency sweep and calculating the delay of the peak relative to the antenna coupling. Initially, the complex radar image I,, is evaluated at the points (x,!, y,, z,,) of a planar grid close to the ground surface (z,~ = -h, with h elevation of the radar over the area to be measured). The I,, set constitutes a holographic image, i.e. it contains amplitude and phase information. The square modulus of I, can be geometrically projected on a plan to obtain a radar cross-section (RCS) map. Subsequently, the antenna, elevated several centimetres, scans the rail again, and a complex radar image I f ) is evaluated on the planar grid.
The complex point-by-point product of this pair of holographic images is an interferogram, the phase of which is related to the correction (Az,) in the z-coordinate of the nth point of the scenario. Therefore, the following equation can be obtained by simple geometrical considerations:
where cp,, is the phase at the nth point of the interferogram, ,fl. is the central frequency, b is the difference between the two antenna heights, and R, is the distance of the nth point from the rail centre.
The set of Cartesian coordinates, the z-coordinate of which has been corrected by eqn. 2, is the digital terrain model (DTM) of the area to be measured. The same DTM is employed to correct the SAR imagery from topographic distortion. A second pair of complex radar images I,, is evaluated at the points of the DTM.
From this second pair, we obtain a second DTM that is more accurate than the first. The procedure can be iterated as shown by the flow chart in Fig. 2 . Radur system: A block diagram of the radar system is shown in Fig. 3 . A network analyser (HP 8753D) operates as a coherent microwave transmitter and receiver with a pair of horn antennas mounted on a rail. The mechanical positioner is a rail 0.63m in length with movement accuracy better than 0 . 5~. A personal computer controls the mechanical and electronic operations.
Results:
The radar rail was mounted horizontally in an elevated position in such a way as to view the entire area. The test field was a terrain containing a little hill -1.5m in height and a lamp pole -2m in height. A metallic trihedral corner reflector (with a side length of 1Ocm) was positioned in the area in order to obtain a
